Characterization and evaluation of immunotherapeutic potential of ovotransferrin PC2 (OTf PC2) were performed in this study. The ovoprotein was obtained from egg white from hens immunized with bacterial antigens, pathogenic for humans. For the negative control samples, OTf was extracted from eggs collected from Specific Pathogen-Free (SPF) hens and purified by affinity chromatography on Protein G-agarose column with two eluting peaks: I, representing ovalbumin, and II, ovotransferrin. The final apo-OTf form was reached by successive precipitation with ammonium sulfate and citric acid and the holo-OTf form by saturating the apo-form with FeCl 3 . Multiple OTf PC2 samples were analyzed through Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and, based on the molecular marker migration model, the ovotransferrin (76.5 kDa) and ovalbumin (45 kDa) were detected. The agglutination reaction exhibited statistically significant high specificity of the multiple OTf PC2, by reacting with the antigens used for hens' immunization. Following ELISA, it was established that OTf PC2 from hyperimmune eggs has specificity for all antigens; the antibody titer was high, indicating that OTf PC2 possesses immunological properties similar to immunoglobulin Y (Ig Y). This study suggests that OTf PC2 immunological activity may play a crucial role in the prevention and treatment of infections resistant to antibiotics and OTf PC2 can also act as a valuable nutraceutical.
Introduction
Ovotransferrin (OTf; conalbumin) belongs to the family of transferrins. This group of bilobate proteins plays an essential role in binding ferric iron and retaining it in solution. OTf is a monomeric glycoprotein that has been isolated from egg white (albumen). It contains 15 disulfide bridges and has a molecular weight of 76.5 kDa and an isoelectric point of 6.1 [1, 2] . Structurally, OTf is the second major protein present in the egg white (12-13%) and it binds iron ions (Fe 3+ ) in combination with an anion (usually bicarbonate) [3] .
OTf is synthesized in the chicken oviduct by transferrin avian gene and deposited in the albumen, where it folds in the form of two globular lobes, each containing a coupling locus for the iron ions [1, 2, 4 ].
OTf appears in two forms: apo-form and holo-form. The apo-OTf form does not contain iron and can be destroyed by the physical and chemical treatments, while the holoform fortifies iron and is steady in the process of proteolytic hydrolysis and heat denaturation [2, 5] .
OTf can transport iron ions to the developing embryos and is an essential component of the egg's antimicrobial defense system. In the state of being harmed by bacterial populations, OTf adjusts the levels of iron ions in the body [6] .
The antimicrobial properties of OTf are the consequence of its ability to sequester iron needed for the development of microorganisms [7, 8] . Until now, the antibacterial [9, 10] , antiviral [11] , growth inhibitor [12] , antihypertensive [13] , immune modulatory [14, 15] , antitumoral, nutraceutical 2 Evidence-Based Complementary and Alternative Medicine [16] [17] [18] , or as a targeting molecule [19] activity of the OTf, or its derived peptides, has been validated. Recently, an antimicrobial peptide, OTAP-92, located in the OTF's N lobe, has been isolated. This peptide has proven to be an intense bactericidal activity on Gram-positive (e.g., Staphylococcus aureus) and Gram-negative bacteria (e.g., Escherichia coli) [20, 21] . It has also been recently discovered that OTf PC2 extracted from hyperimmune eggs exerts evident immunological properties [22, 23] .
OTf is also used as an antiviral and antimicrobial preservative, substituting lactoferrin in many applications. Structure and function of OTf and serum transferrin are similar to the lactoferrin from milk. It has been demonstrated that addition of OTf to cow's milk (which is low in transferrin) significantly improved its antibacterial properties and made it comparable to human milk [24, 25] .
The powders, granules, and other products obtained from the hyperimmune eggs have now applications in the food and nutraceutical industry and in pharmaceutics and cosmetics. OTf is successfully used as a valuable constituent of diverse products, such as the following: supplements fortified with iron, instant drinks, and protein bars for athletes, and it has an undeniable influence on health and performance [26] .
In this study, we assessed the immunotherapeutic potential of ovotransferrin PC2 (OTf PC2). In 2014, our team found that OTf extracted from hyperimmune eggs exerted some specific precise immunological properties. OTf had the ability to react with the particular epitopes of bacteria, viruses, and fungi that the chickens were immunized with.
Material and Methods

Animals.
The study was conducted in the Laboratory for Research and Development of Romvac Company SA, Romania, and lasted six weeks, during which three inoculations and three replications were performed. All animals in the experiment (experimental and SPF animals) were provided by Romvac Company SA. Healthy Rhode Island Red hens were used in this study (2.5 ± 0.1 kg), with seven experimental groups of 20 individuals/group, at the age of 23 weeks and with an organized laying onset. The hens were housed in hall number 2 research facility at Romvac Company, in batteries, where the environmental temperature was maintained at 20 ± 2 ∘ C with relative humidity at 55 ± 10%. The fodder was ad libitum with standard diet R 21.5 for poultry. During the investigation period, the light cycle was as follows: 12 hours' light/dark period and the hens were kept in a quiet environment. Also, two groups of adult rabbits (10 individuals/group), average weight of 2 kg (2.0 ± 0.1 kg), were used in this experiment. They were kept in cages with 2 rabbits/cage, in the same housing conditions like that for the hens. Before the start of the experiment, poultry and rabbits were maintained for one week to acclimatize. All the procedures were carried out in accordance with the Directive 2010/63/EU on handling of animals used for scientific purposes and guidelines of the National Research Council (NRC), Institute of Laboratory Animal Research [27, 28] The inoculation was repeated at 14 days and, respectively, at 4 weeks after the primary inoculation. Hyperimmune eggs were collected daily, after two weeks of the last inoculation, and were kept at 4 ∘ C for the albumen processing. For the control group, Specific Pathogen-Free (SPF) 30-week-old hens were used, obtained from Romvac Company. Eggs from these hens were used as the negative control samples in immunoassay performed.
Ovotransferrin Separation.
OTf PC2 was obtained from hyperimmune eggs (HPC2) from chickens immunized with bacterial and fungal antigens (multiple antigens). Ovotransferrin can be separated from the albumen through several methods, such as the following: ethanol fractionation [29] and ammonium sulfate precipitation or by ovalbumin coagulation [30, 31] , isolated by different types of chromatography [32, 33] . Fractions from albumen obtained on DEAE Affi-Gel Blue columns are further purified by liquid chromatography using Q Sepharose Fast Flow methodology [34] . In the study performed by Ko and Ahn, OTf was obtained by diluting the albumen twice with deionized water and, to prevent distortion during the separation process, the apo-form was converted into the holo one, by adding the solution of FeCl 3 × 6H 2 O. OTf with iron was obtained by using various concentrations of ethanol at pH 9 [35] . The resulting precipitate was dissolved in deionized water and iron was removed by passing through the ion exchange using resin AG 1 -X 2 [36, 37] .
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The apo-and holo-OTf PC2 and, respectively, OTf SPF samples were separated by precipitation and purification techniques. OTf purification was performed by affinity chromatography on Protein G-agarose column (Thermo Scientific), and the fractions purity testing was accomplished by SDS-PAGE.
Preparation of Apo-Form Ovotransferrin (Apo-OTf).
The apo-OTf was prepared following the adaptation of the method described by Abeyrathne et al. [30] . The albumen separated from the yolk was diluted with deionized water in the ratio 1 : 1 and then homogenized. The pH values were adjusted to 4.5-5.0 and the suspension was kept overnight at 4 ∘ C. Later, ovomucin was removed and the resulting suspension was precipitated with ammonium sulfate 5% (w/v) and 2.5% (w/v) citric acid and then centrifuged at 3400 ×g for 40 minutes at 4 ∘ C. The supernatant was removed and the precipitate containing ovotransferrin was dissolved in two volumes of deionized water. Next, the deposit was reprecipitated with 2.5% (w/v) ammonium sulfate and 1.5% (w/v) citric acid and, after centrifugation, the precipitate was filtered in two volumes of deionized water, to remove all salts. The apoOTf purity was determined by SDS-PAGE (Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis).
Preparation of Holo-Form Ovotransferrin (Holo-OTf).
This was performed as described by Ko and Ahn [35] . The albumen diluted in the ratio 1 : 1 with deionized water was adjusted to pH 9.0 and a solution of NaHCO 3 and FeCl 3 × 6H 2 O, 0.5 M, was added to reach the concentration of 20 mM. Next, four volumes of cold 100% ethanol (to reach a final concentration of 43%) were added to the albumeniron suspension. The holo-OTf egg white was separated by centrifugation at 3200 ×g for 40 minutes. The supernatant fluid (S 1 ) was removed and saved, and the deposit was reprecipitated with 43% ethanol and was recentrifuged again at 3200 ×g for another 40 minutes. The second supernatant fluid (S 2 ) was mixed with the first one (S 1 ) and, after filtration, cold ethanol (supernatant : ethanol = 5 : 2) was added, to reach the final concentration of 59%. The holo-OTf containing precipitate was dissolved in nine volumes of deionized water, ethanol was removed from suspension by ultrafiltration, and pH was adjusted to 4.7 using 0.5 M citric acid. Iron removal was accomplished using ion exchange resin AG 1 -X 2 (BioRad).
Preparation of the Anti-OTf Rabbit Sera.
OTf anti-sera were prepared by rabbits' hyperimmunization with OTf SPF. The OTf in the concentration of 5 mg/mL protein was emulsified in Montanide ISA 70 adjuvant (SEPPIC). First inoculation was done by intradermal (i.d.) route with dose of 2 mL antigen administered to 3-4 points on both sides of the body. Second inoculation was performed at 21 days after the first administration, in the same location and with the same dose and the same way of administration as previously. Third inoculation was done 14 days after the second inoculation and blood was collected 7 days after the last inoculation. Rabbit anti-OTf IgG was obtained using precipitation technique and ion exchange chromatography.
The total OTf protein concentration (mg/mL) was assessed by the Bradford method.
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE).
Electrophoresis was performed using the general principle [38] and Omni Page electroblotter (Cleaver Scientific). OTf PC2 of the test samples was diluted to a final concentration of 2 mg/mL protein, using 2-mercaptoethanol Laemmli buffer (Sigma Aldrich) and bromophenol blue (Sigma Aldrich). After incubating the samples for 10 minutes at 96 ∘ C, 5 L of each sample was loaded on a polyacrylamide migration gel of 10% and a concentration gel of 4%. A molecular marker, Protein Marker VI (AppliChem), containing a mixture of 12 proteins with molecular weight ranging from 10 to 245 kDa, was also run on the gel. Electrophoresis was performed at 90 mV and 185 mA, for 90 minutes, and staining was performed with Coommassie Brilliant Blue R250 (Sigma Aldrich).
ELISA Immunoassay Test.
For OTfPC2, identification and quantification were performed on a SpectraMax 190 Microplate Reader (Molecular Devices) and standardized kits were used (MyBioSource). An "in-house" ELISA was applied to assess the specificity of OTf PC2 to bacterial antigens. To achieve this, 96-well microplate (Greiner BioOne) was coated with each antigen, in part inactivated, at a protein concentration of 10 mg/mL in carbonate-bicarbonate buffer (0.05 M, pH 9.6). After 12 hours of incubation at 37 ∘ C the micro plates were washed with PBS-Tween. Blocking of nonspecific adsorption was done with 1% BSA solution (Merck) for 30 minutes. Samples, diluted in PBS buffer at pH 7.4, were distributed evenly in the wells, together with the positive and negative controls; wells A1 and H1 were left as blank. Plate was incubated for 2 hours at 37 ∘ C. After washing with PBS-Tween, the horseradish peroxidase-(HRP-) labeled goat anti-OTf IgG (detection antibody, MyBioSource) was added to each well. Plate was read at a wavelength of 450 nm, after the addition of TMB chromogenic substrate (SurModics), and the reaction was stopped with 1 N HCl.
Double-Sandwich ELISA.
Quantification of OTf by this test was performed using Chicken Ovotransferrin ELISA Kit (MyBioSource); 100 L of serial dilutions of standard OTf in PBS was distributed in each well (6.75 ng/mL, 12.5 ng/mL, 25 ng/mL, 50 ng/mL, 100 ng/mL, and, resp., 200 ng/mL) and OTf samples were analyzed. The plate was incubated in dark place for 30 minutes at 25 ∘ C, covered. After incubation the plate was washed 4 times with washing buffer (Wash Buffer) diluted 20 times. To each well 100 L of the peroxidase (HRP) labeled enzyme conjugate was added, diluted 100 times. The plate was incubated in the dark for 20 minutes at 24 ∘ C and to each well 100 mL of TMB was added and kept at the room temperature for 10 minutes. Next, 100 L/well of stop solution was added and absorbance was read immediately at 450 nm (OD 450) using a SpectraMax 190 Absorbance Microplate Reader (Molecular Devices). OTf purified in serial dilutions of PBS was used to create a standard curve. This curve 4 Evidence-Based Complementary and Alternative Medicine was used to estimate the OTf's total concentration in the samples.
Rapid Agglutination Reaction (RAR).
It was performed on glass plates with the wells (Dacchim). To obtain the reaction, inactivated bacterial antigens and OTf PC2 samples were used. OTf SPF was used as a negative control reaction.
Ten apo-OTf PC2 series were isolated from hyperimmune egg albumen by double precipitation with ammonium sulfate (5% and 2.5%) and citric acid (2.5% and 1.5%) and 5 holoOTf series, by precipitation with ethanol of 43% and 59%. Iron coupling was achieved with 0.5 M FeCl 3 × 6H 2 O solution in the presence of bicarbonate anion. The removal of Fe (3+) was accomplished by ion exchange AG 1 -X 2 resin using 0.9 g per 100 mL holo-OTf. The obtained apo-OTf was pale-white and the holo-OTf was brick-red.
Multiple OTf PC2 was characterized by the following: Agar Gel Immunodiffusion (AGID), Immunodiffusion Simple Radial Test (IDSR), Rapid Agglutination Reaction (RAR), and ELISA "in-house" and "double-sandwich" tests.
Agar Gel Immunodiffusion (AGID) was performed on 1% Noble Agar (Difco) prepared in borate buffer at pH 8.6. The mixture was boiled in the water bath until agar completely dissolved; 17 mL of warm agar at 45-60 ∘ C was poured into Petri dishes with a diameter of 90 mm. Seven wells were made with a gel stencil (one central and six at equal distances around) with a diameter of 6 mm and 3 mm distance between them. To establish the identity, in the wells 3 and 5, OTf international standard (MyBioSource) was deposited; in wells 2 and 6, test OTf was placed and in wells 1 and 4 and central well rabbit IgG anti-OTf. The identity establishing between holo-OTf and apo-OTf occurred by their repartition in wells 3 and 5 and, respectively, in wells 2 and 6, the reaction volume was 40 L/each well. Next, binary dilutions of OTf samples were made (from 1/2 to 1/32) in order to establish the optimal working dilutions for the OTf apo-and holo-forms. Precipitation reactions were read after 24 hours. In case of positive reaction, an OTf standard line joins the line on OTf sample analyzed and is situated midway between the wells. Weak positive line is not continuous being tangent to the well of the analyzing sample.
Immunodiffusion Simple Radial Test (IDSR) was used to determine the OTf concentration. It was performed in 2% agarose Type II gel, medium grade (Sigma Aldrich), prepared in borate buffer at pH 8.6. After boiling, the solution was kept in a water bath at 56 ∘ C; the OTf antiserum was diluted separately in the same buffer and kept in a water bath at the same temperature for 15 minutes. Equal amounts of gel were mixed with antisera depending on the titer and poured into Petri dishes with a diameter of 50 mm. After agarose solidification, 3 mm diameter wells were made with a stencil, one central and five peripheral. In the central well, 20 L of standard OTf (MyBioSource) was added, and, in lateral wells, OTf samples were deposited. After 24 hours, the precipitation zone diameters were measured using a caliper (Digital Caliper SAE-Metric and Digital Display) and the OTf concentration values (mg/mL) were read on a standard curve. 
Statistical
Results and Discussions
Multiple OTf PC2 against standard OTf (MyBioSource) was comparatively tested by AGID. Our results indicated the similarity between the standard OTf (wells 3 and 5) and the multiple PC2 OTf (wells 2 and 6) against the rabbit anti-OTf IgG. The precipitation line presented continuity between the two compared samples (Figure 1(a) ).
The reaction of identity between the two forms of OTf PC2 was also highlighted (Figure 1(b) ). The apo-and holoOTf forms were tested in dilutions extending from 1/2 to 1/2048 by AGID against OTf IgG. For the apo-OTf form, the optimal dilution established was 1/8 and, for holo-OTf form, the optimal dilution was 1/16 ( Figures 1(c) and 1(d) ).
To quantify the OTf from samples, the IDSR test was used. OTf concentration values (mg/mL) obtained by IDSR according to the diameter of the precipitation rings (mm) were analyzed statistically and revealed highly significant values (Figure 1(e) ).
The OTf concentration was read on a standard curve. The calibration curve for this method was achieved by plotting the OTf ' standard concentration (mg/mL) correlated with the diameter of the precipitation rings measured in millimeters (mm). Data indicated that the OTf PC2 concentration values have varied and were between 6.1 and 9.8 mg/mL depending on the size of the precipitation rings (Figures 1(f) and 1(g) ).
Samples of apo-and holo-OTf PC2 were also analyzed by electrophoresis in polyacrylamide gel under denaturing conditions. This was done to identify the presence of apoand holo-OTf PC2 and to assess their purity. Based on the molecular marker migration model, two protein fractions were identified: ovotransferrin (OTf) with 76.5 kDa molecular weight and ovalbumin (OVA) with 45 kDa (Figure 2) .
The quantification revealed that the molecular weights of both, apo-and holo-forms, are the same, namely, 76.5 kDa. It was also noted that the removal of iron from the holoform, by using ion exchange chromatography resin AG 1 -X 2 does not alter the OTf 's immunological properties. The apo-OTf purification was performed by means of the affinity chromatography on Protein G-agarose column. Two peaks of elution were obtained by reading fractions at 280 nm: peak I (fractions 3 and 4 with registered values between 0.163 and 0.278 nm) and peak II (fractions 7 and 8 with values comprised between 0.275 and 0.469 nm).
Testing of peak I fractions against rabbit anti-ovalbumin IgG revealed the ovalbumin's (OVA) presence. The peaks of the elution profile obtained are shown in Figure 3 .
It was observed that each fraction is represented by a single clear line of precipitation located halfway between wells. Fractions 6 and 7 showed a single band with a and Salmonella sp. was also detected. In the case of OTf SPF negative reaction and the alike antigen, the suspension maintained its homogeneity ( Figure 5 ).
The specificity of multiple OTf PC2 compared with multiple IgY against antigens used for immunization, tested by RAR, is shown in Table 1 .
Data indicates that OTf SPF had no immunological properties and did not react with the bacterial antigens; however, the OTf showed similar immunological character as the immunoglobulin Y (IgY) present in the egg yolk. PC2 OTf quantitative determination was accomplished by ELISA "sandwich" method. Based on absorbance values measured for OTf, standard calibration curve was performed, in which the equation was as follows: OD 450 nm = 0.0065 + 1.1249. Applying this equation, the calculation of OTf concentration from samples was performed ( Figure 6 ).
To demonstrate the specificity between OTf PC2 and the bacterial antigens, used to immunize hens, direct ELISA test was applied. From multiple OTf PC2 samples, binary dilutions were made, starting with 1 : 100. The results obtained and shown in Figure 7 revealed that OTf extracted from hyperimmune egg white has a high specificity for all bacterial antigens. The titer of specific antibodies is high but different for each antigen separately (e.g., OD = 3.400 for Escherichia coli; OD = 3.200 for Pseudomonas aeruginosa; OD = 3.100 for Staphylococcus aureus; OD = 3.100 for Klebsiella pneumoniae; OD = 2.900 for Salmonella sp.; OD = 1.500 for Clostridium difficile). This demonstrates that the hen's immune system responds equally to antigenic stimuli inoculated.
Our results show that OTf can be isolated from egg albumen using two precipitation methods and this broadens its possibility of use in various fields of research. The results presented here are consistent with the data published by Abeyrathne et al. [30] and Ko and Ahn [35] in relation to ovotransferrin obtaining and characterization. The hyperimmune egg PC2 differs from the consumption one, due to its abundant content of specific antibodies, immunemodulators, transfer factors, and peptides.
Our work is in consonance with the results of Azari and Baugh [29] and Evans et al. [36] , who have demonstrated the antibacterial activity of holo-OTf, capable of sequestering iron required for the growth of microorganisms. Therefore, the addition of iron is an important step in ovotransferrin purification in all cases, as other authors stated [35] . From the PC2 hyperimmune egg albumen, we isolated ovotransferrin (OTf-PC2), which exerted certain specific ability to react with bacteria, viruses, and/or fungi epitopes and these properties have been previously studied by us [22, 23] . The identity between multiple OTf PC2 and OTf international standard was established by AGID test. We observed that both apo-and holo-forms retained the immunological property of reacting with anti-OTf rabbit IgG, resulting in a clear precipitation line located midway between the wells. The IDSR test allowed quantitative determination of multiple OTf PC2, and values obtained were between 6.1 and 9.8 mg/mL.
The SDS-PAGE assay performed in our study confirmed that the molecular weight of OTf PC2 (apo and holo) is 76.5 kDa. Purification of multiple OTf PC2 by elution on Protein G-agarose column showed two peaks (the fractions belonging to peak II were represented by the purified OTf). The RAR test revealed the OTf PC2 (apo and holo) specificity, by reacting with bacterial antigens used in immunization. In contrast, we determined that OTf SPF did not have this immunological property, with the obtained reactions being negative.
Conclusion
The PC2 OTf specificity study proves an important vector role for this protein. This is specifically exhibited in reacting with antigens' epitopes used to immunize hens and revealing certain immunological properties of PC2 OTf isolated from the hyperimmune eggs. Here, we have demonstrated that multiple PC2 OTf extracted from the hyperimmune eggs showed specificity towards all bacterial antigens used to inoculate hens in our experiment.
The OTf PC2 immunological activity demonstrated in this study may be used with certainty as alternative biological means in the prevention and treatment of antibiotic resistant infections. OTf can be used as a medicine, meaning to achieve therapeutic effects in humans and animals. Also, the use of OTf PC2 as nutraceuticals could be a gain in the biomedical investigation due to their role as natural means for prevention of diverse health issues. The outcome of this research could
